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with the vibrations of the needle the latter could be
increased to 2,0° or 30° on each side the magnetic meridian."
He then obtained the same effects when the wire was moved
to and fro between the poles of an electro-magnet. In the
"moving to and fro" he had invented the first crude dynamo,
for he had produced a continued current of electricity by
moving a conductor through a magnetic field. Then he
proceeds, in his first paper, to state "the law which governs
the evolution of electricity by magneto-electric induction."
He expresses it in terms of the way in which a moving wire
cuts the magnetic curves, or moving magnetic curves are
cut by a stationary wire. uBy magnetic curves I mean the
lines of magnetic forces, however modified by the juxta-
position of poles, which would be depicted by iron filings;
or those to which a very small magnetic needle would form
a tangent." Thus from November, 1831, Faraday defined
the laws of electro-magnetism in terms of the relative motion
between lines of magnetic force and conductors. The
notions of the lines of force, of the structure of the electro-
magnetic field and of the fundamental role of relativity are
inherent in the first paper on his discovery of electro-
magnetic induction. During the next twenty-five years he
elaborated his vision of the lines of force until in his imagina-
tion they became as real as matter. He imagined a model
of the universe in terms of these lines, as a model of the
universe has been imagined in terms of atoms.
The lines of force, as conceived by Faraday, became the
counterpart of the particle as the unit of material nature.
Faraday's conception of the operation of electricity and
magnetism through lines of force led him to suggest that
space traversed by such lines was in a peculiar condition,
named by him the electro-tonic state. The difference between
space in the ordinary state and in the electro-tonic state was
sliown by the absence of a current in a wire ring when
revolved in space in the ordinary state, and its presence in
the ring when revolved in space in the electro-tonic state.
Shortly afterwards Faraday rejected the idea as it was not
necessary for the explanation of the particular phenomena
in connection with which it had been invoked, but many

